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mm*] wmw 

mmrmrnxm^m^m & &&&& e $. $. mmm±x^ v ^ y wmitnm 

mmmrmm<Dmmiz%AL-DX. ^xm^mum^mizmm^tixmmmcom 
x , mummy mm x mmm^mmmmm tn^iz mmmmm *&&&tij:n t 

v^T, mmx.vi-y>ftim\z%±L^x. t^m^mmm^m^^^mmr 
mm^mommm^m-^-t^nmt.. mm^v^y^^miz^r^^x. m^mm 
nMmxmmmfrb&%±tf&mm(Dm&zm±L^^^v^y¥tfxizmnm 

m#m4] mmm<z>mmiz%i^xfcrfv. mmm<z>mmfrbiL%±rf2> 
mffiZMfe^zm^m.tfimmmt. ^xm^mmm^mizmm^nx. 
mh^m o) mm tc mm l -d o mmm a> mm a* <b ±l *> ± #s mm & m& -t & m e m 

mxmm-t^mmrmmt.. mmmmm^ ^mmn&mizm^n^ smut®* 

c»*^5] »#^4 izmMnmm.m.tfLm^m^'izjs^x. mmmmrm 
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[0 0 0 2] 

Mmmizm^&t$&mMt%*mtffc<^znz> (M7Lixftmm2 9 3 3 9 1 6 
fe«^^m(7)^^c^iv^t>^■g) / R^£:tt-r>r>x^^>^ (rie) *o<3a#^ 

[0 0 0 3] 

t3 g*^*M3<frl|l (GMR) ^iiiE5ilc^^&^<^mt-^t«"e^^v\ 
[0 0 0 4] 

[0 0 0 5] 

mmrmm zmm-tzjimt. mmrmm T-^^m^^^ & a, £ £ & « 

[0 0 0 6] 
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[0 0 0 7] 

) sn^tftt, «»«stsfr* (mr) m&itt<?>&&mw&Km&&&ft&z.*:ifi 

(free layer) ©i|M&|Efl; £{Eji-f f©^, MRl?lt -Jg 
[0 0 0 8] 

[0 0 0 9] 
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frfr&m&Jimz itlli, X/VX MKTT-^e>tl6fiK5Cfi«tS&* (MR) j£ 

[0 0 10] 

« J: Mi£<Z> <fc -5 JcM|g0>» tfjtflfiit S *l fe £ * a£?iBJS_LT?x y ^ > 
[0011] 
[0012] 

s 0 -irk, «K&igjfia&£ (mr) m^-xiz. zv^-D^nm^m^^m^ 
tmm (mr) miz-tyxmmzfcmznz. zomv m\sK&r=.-DX. mrb 

[0013] 
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o 

[0014] 

ilTf, tlflB«S*T«I»«A 1 2 0 3 i 0 2 fcV*o;Mfi»#^&#Jl!cS 
[0015] 

mnizizMz.&s\- Kf-f **igifri£fi chdd) ««^*ti*c 

[0 0 16] 
[0 0 17] 

hi tt^ia#«#«gs*i6«©--^«"r3&*)^A-- rt^ xvmmmm (h 

DD) 1 1 (Dft%mm:*Wi*&&}lC.7F-t 0 ^OHDDl M>Ui¥£ V^## 

bt©lM±©i^f-f^^ 1 3 3^JR^E3ti5 0 flH&C-r* 1 3&Xt?> K 
r pm^l 0 0 0 0 r pmi:^ofeIIMIifU^ 1 3 &EHE3iir5 3 £ 

[0 0 18] 

<=>JClR^3*l£o U y 1 6 tt, j^Wl 5 A>e>*¥*I^ItCiE^SW^© 
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>i/3 y 1 8<D9umr*l*. )<^VpZ>Z!yA)H£te (m^~&1?) CDffr^T^ii'Sy 
KX^-f^l 9 *l£„ &±s\y K^^-f 1 9 i&^T^;* 

* 1 3 ©SItC[fi]^otfttt^^>i/a> 1 8fr^L#tt;fr#tf^-r£ 0 i& 

^t-vx^ 1 3©i@i«icic5ti^f^x^ 1 3 (Dmrnx^^ti^^mcom^ 

T'&±<\y K^^-f #1 9 fCl±^ij^#M1--5 0 #ffi-9-*^>£/3 > 1 8£>#L 
[0019] 

Lfr : &±.'\V FX^Jfl 9©#_tcfi{C, 3f^U vy^l 6 ^ftf! 1 5 Ef »J 

#_h^^y Kx5>f^l 9 folic i&^-f ^ * l 3©^®$: 

«$J*i ie» Lfc#S&lC|£r5g?£±/\y K^^-T # 1 9 Mjt^V 

1 3±C0^fM©IB»h9y^tCffi11^*bS*lS. df-vUy^ie 
CD»S&tt#9A«3j?>f ^3>r;i/^-4r (VCM) £v>o£T ?^rL:c-# 2 l ®f& 

#12 rtJCJ|fl*5i**LS*^JCtt, iitSi^r^^ 1 3 fif±©|Jin? 1 

[0 0 2 0] 

®2l±#±/\>y KXv-f #*1 9 ©-AttW&^-r. i©^_h'\'5/ K^7-T^l 
9 1*. ¥£v^##;ic7£j&£*i£A l 2 o 3 -Tic (y;i/?-v?) S8©*^-f 

j&^y K2 3 5:ftltSAl 2 Og (T;i/i*^) m<£>^v KiH^-ftM! 2 4 

^ 7 ^ 2 2 J: «y KI? fill 2 4 {C (±, 1 

3 Kj#fa + &mfcttlftft1rtjit>*>&±W2 5#ffij£S*iS. 8&Cf=-f 1 3 © 

[0 0 2 1 ] 

7«$H5. #l/-;i/2 7©]I±ffi(:{iV>t)^5AB S (££C«f3ttffi) 2 
8#8Dt3;h,£. AB S 2 8T?fcfc&Sfe2 6 ICJS £Tt&i£(Z>#27#£fft3 *l 
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2*l£J:e>lC, AB S 2 ST'iffifl). #_h/\^ R*^-f#*l 9 ©Jgjffili 

3. "5 o fe.?^®lC|5S tl-S : fe(Z)"Zrl±^V^o 
[0 0 2 2] 

&m%m.mhm (mr) ^3 1 fc, mmn^jiAt-y mBn-r) -e^es 

H?3 2i:S:fi^5. M R SS-f 3 1 tt±T 1 f ©*«ffi¥^ *; 3 3 , 3 4 IC 

&fr&tnz>o *«tt^^yi3 3, 3 4iiWAtfAi 2 o 3 (r;i/^-^) t? 

-f-3 1 tt_hg|$J3<i: t/TnP^ — ;i/ K® 3 5, 3 6 tC#5*a*tlS. _h3P;£J:tfT3P 
<y-;i/FJS3 5, 3 6ttM^tfFeN^NiFe^e>i«SHtltfJ:V\ TSI^> 
-^KI3 6»A1 2 O s (yjVS-r) JK3 7©^®Kl|&oTJt£^<5. 
[0 0 2 3] 

8l«*£&#'\y K^3 2tt, ±»2/-^/K®3 5©^©Kl»oTJt£«<** 
Itt^7^l3 8^ii5c #itt^»;^l3 8li«AtfAl 2 Og (T;i/ 

8&&/ U 'v±Bmmm3 Qtffag&o. ±$mmm3 Qitm^titN i Fe&e>m 

fftStUUiJ:^. ±3HK«Jg 3 9 tt, ^itt^Y «v ^1 3 8 

SA1 2 Og 14 0iZm.fc>fr£ o Al 2 0 3 I37, 4 Oteffij/fr© 

[0 0 2 4] 

±MII3 9;j3J:tf_t»S/-;i/K»3 SltWbMLTmmWg&fr^v FM* 
3 2©&&nr&*J«'rs. -tfcfcfc, SHS*^*^ K^3 2fflTMi 
jfttMRm^-3 1 ©_tg[J2/-;i/ KM 3 5 £ LXmm-t&o -f - >T* 

*«tt^*^S3 8®i^if, ±MiJI3 9i:±3PJ/ 
-;i/K»3 5 fc&*r££3i83fc«l£tt#-M2 5**e>»*itfi£. Z. 5 ItltlffiS 
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[0 0 2 5] 

MR5R-T-3 2tt, ££%Jg 1" & y 3 4 ©^ffitC^o Tj£#* 
iK&£*rt8&* (MR) M^^t?*>Xfcl°>A;i/^Jl4 1 £fii;L3 0 fcT>/1;i/ 

©SB® 4 1 a, 4 1 bjWg/£3*l£„ £*l&$8ffi4 1 a, 4 1 bte^MBtt^-vy 
:/Jf3 4 ©^®tC*fbT^-^# 0 T-M£4-t<5„ 
[0 0 2 6] 

TXfcr>A;i/^JK4 i &#j*atf i*f©«|2M : WJ«;4 2^jSSft«. ttlSffifftr 

14 2 11 7 ^1 3 4 fflilt'M 2 5 C»o ti^S. 

JK4 2©5fcaSli^tT>A;i/>rffl|4 10>igffi4 1 a, 4 1 blCgMBSJiS. #^ 

mmu 2 (Dmmizitmm&cDmm^mi 3 xtr>A;i/:/jgi4 lie 

[0 0 2 7] 

04 tc^$*L^> j;e>jc, *«tt^»;^i3 4 (DmmizizmMTi&m 4 5#ja 

3©»iTiS4 5 tt-SBT?^fcr>A^/^0E4 l IcgMtt-TS. xtf>A;i/ 
^BI4 1 tt, «tt^f>yyi3 4 ©^S*»P>5i^)±*«*Slif4 6 TfJtfiigtT *fijf 
4 5 &SW"iL#>S. «5»T%»4 5ttM7t.tfAl 2 Og (7^*t) ^SiOg 

i:v^ofc«siia#»^e)«figsnn«j:v^ fe£u i»r«i4 5^Ai 2 o 3 

SKv^SSJfii»JSf-r3&t)'fe^fiKtt^'W^'jB3 3 tc— Hcfb35 4x«. 
[0 0 2 8] 

EI5ic^£*i£j:otc, m&MfflWkA 2 icii, xif>;l;i/^li4 l©i®4 6 

iClilo^M^^ V ^JB3 4 £>:g®^£*>±#3M®4 7^JtStb* 
. ^trwOi/^IBU 1©M®4 6fcffiffi4 7 fcttH— ¥®tC»oTJ0;#&. 
©J:e>lC#^ffi=¥-V^^M3 4 ©^®tCj£#SJfi»T*fiJf4 5&«®4 7T'1E 
W14 2(C^®£-f&„ iiig?l4 3 ^&|2ffif|9yfi£4 2 i3<fct>*^T%ji4 5 
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[0 0 2 9] 

lzmmznZTi&M5 l i©Tflfi»5 1 tt«!A«KJ?5. OnmiS 

0Ta»T«/«3*l*ltfJ:^. T^JS 5 1 ICteflBttMv^tfJS g &M:JS (f r 
ee layer) 5 2 tffifct <s d CD S ffiflgftjg 5 2 T*feJS 5 

1 <Z)^®lC«tS$tlSMAttBIJ?2. 0 n'mlSCDN i F e!5 2 a fc, 3 CD N 
i F e® 5 2 a±tCfltM3*lS#!l^.tfBIJ? 1 . 5 n m^^cDC o F e Bf5 2 b 

[0 0 3 0] 

tt«^.«JSJ?2. 8 nmiUfflC ulT?ifSSn*l«J:V^ ^ CDC u JflCteS £ 
t:2lf3tOHfIt^^^@OT(:I (pinned layer) 5 4^1 

2. OnmlStDf lCoFeBf54 at, dCDH ICoFeBf 54 a _t(C 
atJSStlSWA«KJ?0. 8 2 nm@|gCDRuJg5 4 b-T^*3*>*g-ir*t, Ru 
JS5 4 b_ttcat»S*l-5ffiI^.«KJf: 1 . 5 nmIS0l2C oFeB«54ct 

[0 0 3 1 ] 

m&mitm 5 4 CD^SlCliMMS'ffiJS (pinning layer) 5 5 # 
m*l^*3*e>tlS. i©jR3»«tt*5 5li«it«J0IJ?l 3. Onm»PdP 

Mllt«5££*l3 0 ^CD^, M^«M5 5CD##(Cj^DT@^^bJS5 4 CD 

[0 0 3 2] 

LtC&fcoTMR*^ 3 1 jWB&C-t^ 1 3 CD^I®{C|nj£ 

lir 4x££> xtf>A;i/7'Bl4 i t*«, M^JCDiiU, «$sf-f^^i 3^?> 
f^Mirsaft;Sft(cj£CTgsii&ffcji5 2cDM^foi«ia^i-e 0 lutgs 

iftI5 2©lK^lRl* < IH<E-r*i:, >A;i/:/Bl4 l cD«^jgifttt;*;£ < SE 
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jf&snsi:, m%m.$iO)mt\z.foVT. «*«^i*4 3*^51 urns n««£Mg 

[0 0 3 3] 

(EI^i±-f) (Dmm^ltA 1 2 0 3 13 7 tff&WkZnZo 1 2 0 3 I3 7 

4©5t®{Ctt. Tag, NiFel, CoFeBi, Cujgl, CoFeBl, R 
um. C o F e Bm^^tKP d P t MnK^JIi#{C^|l$tl-5 0 fc£U Z.<J)W, 

©^■V>y^jgtt. P d P t Mnm±fcmM2nZ>m%.l£mm6. 0nm»T 
alt, r<7)T am±izmM2tlZ>MZ-lZmm5. Onmi|(DAuIi:^P,i 

[0 0 3 4] 

0 7 fcjg*3n5 tC, HliM5 6±tCiii^TU^ MS 5 7^fifcS 
*13„ M£5 7tt, HI #[rJDR 1 &C®t>*£IfcbBl5 8 £<0JffilK5 

8®SST'||1 #r*JD R 1 JCit:5S-reil2^fHjDR 2 iCMtfS l*ftf>£>LBl5 9 
t£fii;*.So iftl5 8tt, Bf8A^«e>^35;J:"5tC, IS 1 5 6 ©*SilCt& 

oTHlipgWl («^.«0. 1 5 Ami!) T'HI^IrIDR 1 lC$£tf3TJS6 0 
fc, ^©TI6 0©*ffiJC?&oT^S*lT, HUPIWl J: U 4j*£&3S2ipgW 
2 (M^iiO. 5 /*mil) T'fl #|6]DR 1 idr;s±l6 1 £*ffix.M,£& 

& fe -a T iiMx. I ifeSx ^ e> tin «k 

[0 0 3 5] 



£tt!iE# 2000-3107333 



#2000—277060 



l^X h!5 7©JSHT'Hl^#K-5 6tt||g*JlRe>*lTV^. -£<Z) 
MIS, 0 9 izm2n&£viz, 8©ttTT«Hl^foJDR 1 {C®t>*^>||l 

[0 0 3 6] 

oCrPt) T«3tl5i2l|JI^I$tlS 0 Z(Dil^, l/i?XM5 7 
ttif#*#3*l& 0 Ife^ot, H2^#Jf©ffl«^(CU^X hJ^5 7^l^*$4x-5 
01 1 {C^3;ft£ Ji^fC, ^^'[4^^>y^jS3 4 0iMli^5 6 £ 
&^&tU;ft©fl2^M*Ji6 3 tt^&Snsr fg 2 IjtMJiCDSiJilC 

[0 0 3 7] 

01 2 {C^$;ft3 J:e>{C, ^S{C3*^-r§01*^^5 6^3J:0||2mWM6 
3©^®{C^if^{Cl/^^ NJ16 4^^$tl-5 0 ^©L/^M6 4tt, $2 

6J3±0 ! ^2iltl6 3 lZV&3k-£ftZ> a It) IT hg6 4 OUTT'tt 

, 01 3 lC^£*i£ <fce>lC H2^fojDR 2 {CHa^<^t>*^^tr>A;i/> r J^4 1 

[0 0 3 8] 

MvNT#^'f4^r^^^ii3 4 (Dmrnzit-mzmmrmm 4 5t^t>t.A i 2 

Og Jf^M^tl^o 0 1 4 fCjj^tlS J: olZ. mmfoG 5 fcJitfU^* 

6 4l±^T^M4 5tCiI%tl^>o lfeiT«ll4 5CDH^iiM^«l . 0 nm~ 

3 0. o n mmmzmfezntii££\<\ mwr^M4 5<Df&mizi l $m?u£x^v 

[0 0 3 9] 
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£3 Lfc«fi»T*Wff4 5©j£]8!ffetcus;;* S)g64 m 1 5 &c 

hf>A;i/>ng|4 1 £J:t>*^K$!lMl4 2<Z>£i$ft6 5 li#»f£=?-V y :/jf 3 4© 

tt^*;^!3 4 ©*®^&3i"feJ:*<SM® 6 5 a^jtStlS. 6 5 

ali, ffl2tc34iK , tS^tr>A;i/^ , JR4 1 ©Mffi^l&I^JMU 2tf>M®tcJ:o 

[0 0 4 0] 

5 ?r|sf^FlC^^ 0 :^)^ofc#ll6 6[t 7. OnmilCTaT 

JfiJffc, Z(DTi&m±KmMtSft&MZ.i*&m5 0. OnmSlCMoltt'l 
J*3 4UU*<fcv*. #tl6 6±Ctt, 8Jc^Sti«J:^JC, if fete U 

[0 0 4 1 ] 

. r<7) K^>f x^^->^s-r^fc*>Mf5'ff-r^>x^^>^ ( r i e ) ®at' 

3 e> LTl/^ h!6 7 ©iST 6 6 fr&MSB^-IM 3 tfJgtfs&tlT 
IK. 

[0 0 4 2] 

4 1 ommizmmTi&m 4 5\zm-fonmviz> (M^aeii 5#m) . ^trw^ 
^K4 1 t^itt^^ v7M2 4 <Dmffifrb&%±tf&mm(Dm&i*m±t$nffi 



1 2 
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[0 0 4 3] 
[0 0 4 4] 

0 2 1 fC^3;ft£ «fc e>tC, l/S?;*Mj|6 7tefifc£3*l<5. l/i>'Xhl6 7©^ 

ITMRI^3 1 ^tf>^, M&JOiiU, MRi^3 liiT'tt, #a 

t^'y^l3 3^^#»^^<^^\y KUt^-3 2#J»{C^3*lTV^ 0 0 2 

8ttg5yjR&ftT#±ffi2 5ttJgf^e>tl5 0 Bff y 6 8 #89 »J El £ ft St, 

MRlf 3 1 li#±®2 5tia}fS„ 
[0 0 4 5] 

^±©j:e){c^3tifeMR^3 i T*m&t&ffi9b5kffikuztir=.. znikm. 

IC&fcoT, ^fc>*££TEG (Test Element Group) ^dt- 

ytfm^t>tit=. 0 r©TEG/t*->^n 02 3 fc^2ft£ <fce>ic, 

M^7 ifrb*\*yAn,'?m4 l Cffi5£te©«ife#«*&3ftfe. ^c>Lfe*^ 
l#©«jESfr?- 7 2 lC3^ft£«M#M5t£ft£ 0 «M©$I)£iC& 
fcot, Xhf>A*;i/^4 1 &CPP#D3ft£^| , j!.<£>3£^&- 4 0 kA/m~4 0 k 

A/m©<eH-e3E-fbS-are>*ife. ^fcr>/<;i/^'K4 1 (D^c^siiss 0. 3 Am 
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[0 0 4 6] 
[0 0 4 7] 

#38IJI!#W:, HBSflC, jfeM^lfcfif (SEM) l:ffl^Tt*0MRi?Sl 

5 2, 5 4iC^ttl5CoIfffl^ft, CuI?^>CoI^i:SF 6 hODSftiC 
[0 0 4 8] 

HlStt>f *>Xy^>^ (RIE) ^laT'li, BrfM^SFg 

T%J:v* 0 x^^->^^xcDjgMlc^t)^1 :t ^bf>7l;i/yj^4 l ©SffiS 

tit* «fc 

[0 0 4 9] 

(#se i ) mmmnmmzwi'D xmztzm^mffim^mzm&t-tzjimt. 
rmmxm^mmmMm^^/vtdt.tmmm±x^^^y^^ i m^mm-r^ 

[0 0 5 0] 

(#33 2) tffEl lcfE*&©^&^l|li^(D§^;^cfcv^, fffiaififi^ 



1 4 
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vTmxf sum*.* mmmmrmm<Dmm^f^^x. m 

[0 0 5 1 ] 

(#fS3) tffBl *fel±2iCfB«©^^^m^-CD^^^(CfeVNT, 

7? sous & *> ± ifi z> mm (d m m * m± l o o x y ^ > ^* # * ic mnm & m •? 

[0 0 5 2] 

lg*tJ»S:filE*atf l*f(0^2 3R#M Slit, ^lfcJ:^2MI± 

«8M(7)^®±{C^T^M$:Mt- Slit, b^hlSr^U i(ftl*T%« 
[0 0 5 3] 

(#8B5) #134 tcfH*©^^M^^©^^f^{C^vxT, tufaSfli 
[0 0 5 4] 

(#IB6) MSHSJClBlfi^atllCSfiia^lR^CDSIjt^JCfev^T, tirflExy 



1 5 
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& e> it t> ± & z> mm <z> n m & pi it l o o x »y * y y a * iz mnm & m txg t & 

[0 0 5 5] 

[0 0 5 6] 
[0 0 5 7] 

# £ i a # 7?§ 5 tfilS&*3R^"»f> <Z) $ tl S 3 i: # S 

o 

[01] /N- Kt^ X^M^S (HDD) (0«^&«l&$riCj3*"r¥iEei 
®0-e&£„ 

[04] H3©4 -4i»fC?&ofeffl^WT®0-e*S. 

[0 5] 0 3 (D 5 - 5*R£»ofe»#WTliePe&S. 

[0 6] X tr > ^K©*3t SrflEBSWtC^i-Jfi^iE® & S . 

[07] ^iKtt^^y^^jcatJBStifc^iaRM^ri: us?* hBI£&« 
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